The prevalence of rickets in babies, as shown by the recent investigation conducted by the United States Children's Bureau (l), makes it of importance to know to what extent the milks generally recommended in infant feeding can justly be relied upon to supply the antiricketic factor. This is particularly pertinent when it is realized that rickets occurs at the period of development when milk constitutes the greater part, if not the whole, of the diet. It might be assumed that nature would provide an abundance of all essential growth-promoting factors in the pabulum for the young of all species; but clinical experience has demonstrated that under the present living conditions neither human milk nor cow's milk can always be relied upon to protect babies against rickets.
With the advent of the study of experimental rickets in animals, various attempts have been made to evaluate the antiricketic potency of human milk and cow's milk.
Steenbock and associates (2), using their ricketic ration, No. 2965, found that for cow's milk the minimum daily requirement for healing of rickets in rats was 12 cc. Honeywell, Dutcher, and Dahle (3) corroborated these results, using the same ration in a preventive type of experiment. Lute (4) , however, demonstrated that 2 to 5 cc. of milk from cows kept on pasture were potent in preventing rickets when fed to rats on the McCollum ration, No. 3143, whereas 15 to 20 cc. of milk were ineffective if the cow was kept in the dark on either dry or green food. Technique.
It has been demonstrated repeatedly that in order to produce rickets in rats at least two conditions must exist; namely, the absence of the so called antiricketic factor, and the inclusion in the ration of a suitable salt mixture containing 4 or 5 parts of calcium to 1 part of phosphorus.
It has likewise been shown (11) (12) (13) that the addition of more phosphorus to such rations results in the prevention or the arrest of the disease.
Yet from a survey of the literature it would seem that this latter requirement has not always been fully appreciated.
Throughout the Outhouse, Macy, and Brekke 131 period of rickets development the ratio of Ca:P = 4 or 5 has been closely adhered to, but during the curative regime food substances rich in phosphorus or calcium have been superimposed on the ricketic diet without corresponding deductions being made in the salt composition of the basal ration. This correction is essential, particularly when large quantities of cow's milk are fed. The addition of milk to a ricketogenic diet may result in an intake of calcium and phosphorus in a ratio that would tend to cause a healing of the bone lesion, even in the absence of the antiricketic factor. This criticism applies to any of the ricketogenic rations in general use. The primary consideration throughout this entire study, then, has been to maintain a ratio of Ca: P = 5 during the ricketogenic and curative periods, and to eliminate possible bone-calcifying agents other than the antiricketic. Vigorous young rats, 21 to 23 days old, reared by mothers on the standard breeding ration2 were employed.
They were placed in individual cages and on raised screens to prevent ingestion of feces and a consequent disturbance in the calcium: phosphorus ratio in the dietary.
No attempt was made to keep the animals in absolute darkness; they were, however, placed in cages in a dark corner farthest from the windows, and at no time were exposed to the direct rays of the sun. The ricketic rations were fed ad libitum, accurate records of the weekly food intake being kept. Additions to the basal ration, i.e. milk or butter fat, were made daily in separate dishes. Fresh distilled water was available in the drinking bottles at all times except when the rats refused to drink the entire amount of milk allotted to them.
The animals were held on the ricketogenic rations for a minimum period of time, to avoid the production of advanced pathological lesions. The occasional rat failing to grow on account of inadequate appetite has been discarded from the experiment.
For these experiments the Osborne, Mendel, and Park ration (14) was adopted, and somewhat modified to meet the requirements of availability and low cost of food materials. The ad-vantage of this synthetic ration is that the mineral constituents3 are present in approximately the same proportion as in the Osborne and Mendel standard Salt Mixture IV with the exception of calcium and phosphorus, and that these two can be added separately in any amount and in any ratio desired.
From the total calcium and phosphorus required, deduction has been made for the calcium and phosphorus content of the other constituents of the ration, and the balance added in the form of CaC03 and H3P04, previously mixed and dried. Butter fat was given daily so that the rats would not experience a shortage of vitamin A. It was assumed that approximately 1 per cent of butter fat would not prevent the production of rickets, since McCollum (15) found that only slight healing took place when 15 to 30 per cent was fed for 14 days.
The modified ricketic ration has the following composition:
HaPOd (85 per This standard ricketogenic ration has been used in studies only when the food substances under investigation contained but inappreciable amounts of calcium and phosphorus.
3 The authors desire to express their appreciation to Professors Osborne and Mendel for the privilege of using their ricketic salt mixture prior to its publication.
The These amounts have been found by Osborne and Mendel to be adequate for the production of rickets in rats. 
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Variations of this standard ration have been used in succeeding studies in which different types and amounts of milk were fed. Each experiment was divided into a period of rickets development and a 7 day curative period of milk feeding.
To avoid a marked change in the calcium and phosphorus intake of the rats during these two periods, it was necessary that for each proposed level of milk a separate ricketogenic ration should be prepared with an appropriate percentage of calcium and phosphorus. In addition to this, the basal food fed with milk during the curative period was so constructed that the sum total of the calcium and of the phosphorus eaten would still conform to the required ricketic ratio of 5:l.
To this end, then, for every level of milk, two basal diets were prepared,5 Ration I, the ricketogenic ration, and Ration II, fed only in connection with milk. These diets differed primarily in the percentage of calcium and phosphorus actually incorporated in them (Table I ).
In the rations fed in connection with human milk, calcium and phosphorus were present in approximately optimal amounts; whereas the high phosphorus content of the cow's milk necessitated the addition of abnormally large amounts of calcium to the ration.
During the milk feeding period, although theoretically calculated to be constant and the same for all animals, the calcium and phosphorus ratio has varied somewhat on account of a difference in the basal food intake of individual animals.
In the analysis of the data secured in both the human milk and the cow's milk series, therefore, all records showing an actual calcium and phosphorus intake not falling within the limits of the ricketic ratios of 5:l or 4:l have been discarded.
In the examination for ricketic changes the animals were rickets. rickets.
- Each ricketogenic ration, No. I, irrespective of its calcium and phosphorus content, has allowed for continued growth and avid appetite in young rats. By the end of the 3rd week, however, the result of the deprivation of the antiricketic factor has manifested itself in a retarded rate of growth (see Chart I). Enlargement by the epiphyseal ends of the long bones has been markedly noticeable by the 10th day. Uncomplicated rickets has appeared as early as the 14th to the 21st day as judged by various methods in current use. Pathological changes, such as marked curving of the legs and spine, inability to stand, etc., have not been produced in this short experimental period. Xerophthalmia and respiratory diseases have not been observed.
In Table II data are presented on the behavior of a typical group of rats receiving the standard ricketic ration with and without the addition of cod liver oil. The diagnosis of rickets has been confirmed by three different methods; i.e., histological, line test, and x-ray examinations.
Additional evidence has been found in the percentages of calcium, phosphorus, and ash of the bones. These chemical analyses have been found to be of great value in determining the degree of calcification of bones, but should not be relied upon alone in the diagnosis of rickets in rats. As shown by Chick, Korenchevsky, and Roscoe (19), calcium and phosphorus determinations based on the ash content of bones are of no significance, these values remaining approximately constant, irrespective of diet, sex, or age of the animal.
Although complete metabolism studies were not possible, interesting data have been obtained on the ash content of feces? of rats on these dietaries. On the standard ricketic ration a fecal ash of approximately 28 per cent was excreted, whereas on the ricketic rations, containing four times as much calcium and phosphorus, 60 per cent ash was excreted. Raw human milk was obtained fresh daily from the Detroit Bureau of Wet Nursing and was representative of the pooled milk from ten to sixteen women on the average American dietary. A survey indicated that these wet nurses had not taken codliver oil during the periods of lactation under investigation.
Various samples of the milk contained, as an average, 30 mg. of Cal&m and 14 mg. of phosphorus per 100 cc. The fat content of the milk ranged between 2.7 and 3.5 per cent. The certified cow's milk* was obtained from a herd of 450 animals fed a concentrate of grains, bone meal, and bran in addition to ensilage and alfalfa hay. The cows were kept in light, well ventilated stalls, but had no direct exposure to sunshine and little access to green pasture. The calcium and phosphorus contents were found to be respectively 100 and 97 mg. per 100 cc. The fat contents averaged 4 per cent.
As shown by the line test of the tibiae of the litter mate controls, the rats in the human milk series were ready for curative feeding after 21 days on the ricketogenic rations, No. I. At this time they were changed to rations, No. II, and given human milk in quantities of 25, 30, 35, and 40 cc. daily. Since rats do not eat human milk avidly, it was necessary in the latter series to condense the milk under partial vacuum to about 9 of the original volume.
When this was done, the rats were able to consume all the milk given them.
After 7 days, the animals were killed with ether and examined in detail.
Pronounced beading of the ribs, enlargement of the joints, and softness of the bones were found. On treating the freshly cut tibiae with silver nitrate, it was demonstrated that no calcium phosphate had been deposited in the provisional zone of calcification at the base of the wide and irregular bands of cartilage.
This was in direct contrast to the picture presented by the animals receiving for the same length of time 5 drops of cod liver oil daily in addition to milk and Ration II. Here the cartilage band had become narrower and straighter and showed a heavy precipitation of calcium salts at its base; i.e., a positive line test.
Analyses of the femora of rats receiving different amounts of milk showed no increase in the percentage of On the high calcium and phosphorus ricke togenic rations of the cow's milk series, it was found that rats could not be maintained in an unhealed ricketic condition beyond a period of 28 to 35 days. Since typical rickets was produced as early as the 14 th day, curative feeding was instituted at about this time. When 30 cc. of cow's milk were given daily for a period of 7 days, very definite healing of the bone lesion was found in all cases (Table III) .
The degree of calcification appeared to be as great as that induced by cod liver oil for the same length of time.
The antiricketic properties of 5 cc. or of 10 cc., however, were so negligible that no beneficial effect was observed when these small amounts were fed daily to rats in a series of preventive experiments.g
In analyzing the results of these experiments it was observed that in some cases there was a lack of correlation of the x-ray and line test pictures with the ash content of the bones. The feeding of cod liver oil for 7 days to rats made ricketic on rations low in calcium and phosphorus, has resulted in the deposition of calcium phosphate at the epiphyseal line, as shown by the line test and x-ray pictures, without appreciably influencing the ash content of the bone. On the other hand, when calcium and phosphorus were present in large amounts in the food, the addition of cod liver oil for 7 days resulted not only in a positive line test but also in an increased percentage of ash in the femora. It is thus apparent that a level of food calcium and phosphorus of 0.622 and 0.125 per cent respectively, is too low to allow for the deposit,ion of calcium g These experiments were conducted early in 1926 in cooperation with Dr. I. McQuarrie of the Henry Ford Hospital to determine whether or not the antiricketic potency of milk could be increased by irradiating cows with ultra-violet light. For this purpose four cows were kept in stalls under identical experimental conditions with the exception that while two of them had access to light only as it came through ordinary window glass, the other two were exposed to the rays of a quartz mercury vapor lamp at a distance of 36 inches for 1 hour daily. This was done for 3 months prior to starting feeding experiments with rats. In the small amounts of these milks fed (5 to 10 cc.) daily for 28 days to young rats on an appropriately constructed ricketic ration, no protection was afforded against rickets.
